Wastewater has emerged as an alternative source of water. Since the agricultural sector remains the largest water user world-wide, it is the main potential user of treated wastewater. However, while there are trade-offs in using wastewater, it may be the only option in water-scarce regions. South Africa has included water reuse as a policy option; hence the aim of this study is to understand farmers' preferences regarding water reuse frameworks for irrigation. A choice modelling approach was applied to identify the elements defining these frameworks and to quantify their relative importance amongst farmers in the agricultural hinterland of Cape Town. The findings suggest that water reuse is acceptable to farmers in the area. Furthermore, they prefer options that guarantee good quality water and low levels of restrictions on use practices. Due to low trust in water service providers, farmers are willing to pay for a privately-managed scheme for water reuse, which suggests that the management model for implementing such schemes is important.
INTRODUCTION
Wastewater has been recognised as an alternative source of water in water-scarce countries, especially for agriculture, which is the largest user and which has differentiated water quality requirements. For many water-scarce countries water reuse is the only affordable alternative (Lazarova et al., 2001) . Unfortunately, there are trade-offs in using wastewater. Thus, to offset the potentially adverse effects of wastewater on public health and the environment, and to maximise the benefits from access to additional water, it is important to understand the framework within which, and the ground rules whereby, water reuse is to be implemented. This is possible from a study of the perceptions and preferences of water users. To this end, the purpose of this study was to identify the key elements required to develop a framework for water reuse based on the preferences of farmers, using a choice experiment (CE) approach, and to estimate their willingness-to-pay (WTP) for changes to this framework.
The analysis focused on the rural hinterland of Cape Town, South Africa, a water-scarce area whose agricultural sector is highly dependent on rainfall for both dryland and irrigation farming. Overall, water availability is the most important limiting factor for agricultural production in the country (NPC, 2012) , a situation that will worsen due to the increasing demand for water from other sectors (Goldblatt, 2012) . In this context, it becomes vital to search for alternative sources of water. Farmers in the study area already have some experience with water reuse, as some are already using treated wastewater (or treated effluent) from a municipal treatment plant to irrigate crops. It is envisaged that this case study can provide empirical grounds for assessing the acceptability of water reuse and offer lessons for policy formulation in a developing country context.
The study site
The hinterland of Cape Town in the Western Cape Province has a Mediterranean climate characterised by cool and wet winters (May-September) and warm, dry summers (OctoberFebruary). Although the average annual rainfall, which varies between 500 and 1 500 mm across the area, is higher than the average for South Africa, it is a water-scarce region because of the rapidly growing urban population, the large water demand for irrigation, and the short run-off distances of surface water from the mountains to the sea.
In order to address equitable distribution and access to water, the Department of Water Affairs (DWA) (now the Department of Water and Sanitation (DWS)) has formulated the Western Cape Sustainable Water Management Plan to ensure that water is used efficiently across sectors, while exploring and implementing non-conventional sources such as desalination, use of deep aquifers, and water reuse (DWA, 2012) .
Farmers in the study area grow wine grapes, deciduous fruit and vegetables under irrigation and also produce dryland grains (wheat, oats and canola). Production systems are adapted to the climatic and soil conditions as well as to water availability. The irrigation technology preferred is drip irrigation. Some farmers already use treated effluent from municipal wastewater treatment plants (WWTP) (e.g., from Potsdam WWTP near Cape Town, and from Malmesbury WWTP north of Cape Town) (Fig. 1) . Overall, water use efficiency is high in this area (AgriPROBE, 2007) .
The agricultural sector is strategically important both nationally and for the region. The direct contribution of agriculture to the gross domestic product (GDP) of the country is about 3%, although, when the entire value chain is considered, its contribution is closer to 8% (Greyling, 2012) . The province contributes some 23% of the value added by the sector to South Africa's GDP (the second highest after KwaZulu-Natal), but accounts for at least 60% of South Africa's agricultural exports, and is also a major employer of permanent and seasonal workers (Murray, 2010) . Considering the importance of this sector, water demand is expected to remain high. In this context, water reuse offers opportunities that need to be explored.
METHODOLOGY
Understanding consumer behaviour can lead to changes in service design, pricing strategy, and distribution channels, as well as concepts of public welfare (Louviere et al., 2000) . For this study a choice modelling approach was adopted to foster understanding of farmers' preferences concerning frameworks of water reuse for irrigation. Choice modelling has gained recognition in the field of environmental valuation (Giergiczny and Kronenberg, 2014) and is increasingly applied to value water resources such as wetlands (e.g., Carlsson et al., 2003; Birol et al., 2006a; Milon and Scrogin, 2006) or water services (e.g., Snowball et al., 2008; Kanyoka et al., 2008) . In relation to wastewater, in a study by Birol and Das (2010) , choice modelling was used to estimate the local public's WTP for improvements in the capacity and technology of a sewage treatment plant in Chandernagore municipality in India. Another study by Genius et al. (2012) applied choice modelling to elicit the value of the attributes of a wastewater treatment plant in a rural area in Greece; the attributes included -among others -water quality and irrigation with recycled water. In contrast, Birol et al. (2008) applied the contingent valuation (CV) method to investigate farmers' preferences for treated wastewater and their WTP; and Alcon et al. (2010) applied CV to estimate the non-market benefits derived from the use of reclaimed wastewater for agricultural purposes in Segura River Basin, Spain.
This study aims toward filling the knowledge gap to evaluate water reuse frameworks for irrigation, by applying a choice modelling approach. Choice modelling is grounded in the theory of value (Lancaster, 1966) , which assumes that consumers' utility derived from goods can be decomposed into utilities from the constituent characteristics of these goods (Hanley et al., 2001; Louviere et al., 2008) . Compared to CV, choice modelling has the potential to provide greater information about peoples' preferences. Thanks to the focus on the attributes, it can generate multiple value estimates from a single application, which is useful for decision-makers dealing with natural resource planning, both at the local and national level. As in CV, choice modelling can result in estimated economic values for any environmental resource, including nonuse and use values. Choice modelling also enables estimation of the implicit value of the attributes, their implied ranking and the value of changing more than one attribute at a time. Another advantage is that respondents are more familiar with the choice approach rather than the payment approach (Birol et al., 2006b ). Choice modelling is also useful in the analysis of changes and trade-offs between attributes (Snowball et al., 2008) .
A typical choice modelling exercise is composed of a number of stages, namely (i) selection of attributes, (ii) assignment of levels, (iii) choice experimental design, (iv) construction of choice sets, (v) measurement of preferences, and (vi) estimation procedure (Hanley et al., 2001) . These stages are addressed in the following sub-sections.
Selection of attributes and assignment of levels
In CEs, respondents are asked to choose among different alternative specifications of a good. These are described in terms of the attributes of the good and the levels that these attributes take. In this case, the good to be valued is the framework for water reuse in irrigation. In order to select appropriate attributes of the good, it is important to understand the characteristics of the study site in terms of water management, agricultural production, and policies and regulations governing water and wastewater. In the case of this research, 4 attributes were identified, based on a literature review and on expert interviews: 'water quantity-quality', 'practice restrictions', 'management model' (of the scheme) and 'price'.
The attribute 'water quantity-quality' refers to the access to different quantities of water and the relative water quality standards available. Four levels were proposed:
• A1 (limited water quantity -up to 50 m 3 /day, strict quality standards and reduced nutrient content) • A2 (limited water quantity -up to 50 m 3 /day, general quality standards and high nutrient content) • A3 (maximum water quantity -up to 2 000 m 3 /day, general quality standards and high nutrient content) • A4 (unlimited water quantity, quality standards less strict than the general standards and high nutrient content)
Note that there are trade-offs between quantity and quality. The volumes of water specified for these levels were based on information contained in the Government Gazette (RSA, 2013) . The second attribute, the 'practice restrictions' refers to the measures to be taken while using the water to irrigate. Three levels were identified for this attribute, namely:
• High: strict restriction on irrigation of crops for human consumption (e.g., vegetables eaten raw not allowed); strict control over irrigation methods (implies periodic inspections); and strict monitoring of water use (e.g., protective measures, including the use of protective clothes, signalling of water pipes and reservoirs, waiting periods between irrigation and harvesting, avoiding direct contact between water and crops, use of drip irrigation) • Moderate: irrigation of crops for human consumption which are not eaten raw is allowed, including fruit trees and vineyards; moderate control over irrigation methods (implies sporadic inspections); and regular monitoring of water use (e.g., protective measures) • Low: no restriction on crops; no restriction of irrigation methods; regular monitoring of water use (e.g., protective measures)
Figure 1
Location of the study area (schematic only) wastewater in the area. The remaining 29 respondents were included as a control group. Overall the sample size represents about 6% of the population of 795 farming units in Bellville/ Durbanville, Stellenbosch and Malmesbury (Statistics South Africa, 2006) .
Model specification
The last step in the CE consists of the estimation procedure, which was done in 2 steps: first a conditional logit model (CL) was estimated and then a latent class model (LC).
The theoretical foundation of choice modelling is the random utility theory (McFadden, 1974) , which suggests that individuals make choices based on the characteristics of the good along with a random component which may result from the uniqueness of preferences of the individual or from the analyst's incomplete information about the individual. The utility U ij of an individual i derived from an alternative j is decomposed into an observable component V ij and an unobserved random component ε ij :
V ij can be expressed as a linear function of the explanatory variables as follows:
where: β is a vector of coefficients associated with the vector x′ of explanatory variables, which are attributes of alternative j, including the socioeconomic factors of individual i (Snowball et al., 2008) . The underlying assumption is that individual i would choose alternative j over alternative k, if U ij > U ik (McFadden, 1974) . Considering that the explanatory variables are attributes, a CL was applied in this study. This model is suitable when the choice among alternatives is modelled as a function of the attributes of the alternatives rather than (or in addition to) the attributes of the respondent. Compared to the Multinomial Logit model, CL models the problems of interest by using a 'characteristics of the alternative' approach. In a CL, it is assumed that the error of disturbances has a Type 1 extreme value distribution: exp [-exp(-ε ij ) ]. The selection of an alternative is expressed as (McFadden, 1974) :
The probability of choosing an alternative j among n choices for individual i is given by:
The parameters of the CL were estimated applying the maximum likelihood estimation procedure using the software NLOGIT 5.0. A disadvantage of the CL, however, is that it assumes homogeneity in preference across respondents, as one single parameter estimate is generated for each choice attribute (Colombo et al., 2009 ). To solve this, a LC model was applied in a second step. This model accounts for heterogeneity in the systematic part of utility, but differs in the assumptions about the distribution of preferences (Sagebiel, 2011) . The model can capture variations in preferences between segments of respondents (Birol et al., 2006a) . Usually it outperforms models that assume homogeneity of preferences (Provencher and Bishop, The third attribute refers to the proposed 'management model' for the scheme. This refers to models for water supply infrastructure and management. Three levels were proposed:
• Public: financed, operated and managed by a public agency, e.g., the municipality • Private: financed, operated and managed by the users;
wastewater is pre-treated at the municipality; monitoring of water quality standards remains under the DWS • Public-private-partnerships: funding is shared, e.g., users contribute to capital costs for development of the infrastructure, tariffs take into account maintenance and operating costs only, management is by the users, the municipality is only involved in delivering the water to a certain point in the scheme Finally, price was included as one of the attributes to enable estimation of the WTP for changes in other attribute levels, with the following levels: 5, 2.5 and 1 ZAR/m 3 . Appendix A, Table 1A presents the attributes and their respective levels.
Choice experimental design and construction of choice sets
The experimental design consisted of selecting a set of choices from the set of all possible choice sets, which comply with specific statistical properties such as identification and precision, and with non-statistical properties such as realism and complexity (Louviere et al., 2000) . For this analysis, we constructed a generic CE using the software JMP 11.2.0. This implies that the alternatives/profiles were unlabelled. A full factorial design produced a total of 108 profiles (4 1 x 3 3 ). However, this was still a large number to evaluate. To address this issue a fractional design maximising D-efficiency was constructed. This design had D-efficiency of 95%, A-efficiency of 89% and G-efficiency of 69%. These indicators specify the goodness of the design relative to the hypothetical design.
Next, the profiles were grouped into 12 choice sets and divided into 3 blocks to be presented to the respondents: each respondent had to consider 4 choice sets. An opt-out option was also included. This was preferred over the status quo option because there was no common status quo for the respondents, with some currently using treated wastewater and some not. The choice sets were presented in pictograms in order to decrease the cognitive burden of the exercise (Speelman and Veettil, 2013 ). An example of a choice set is provided in Appendix B, including the pictogram used.
Data collection process
The process of data collection consisted of a survey in the study area between April and July 2014. The CE was part of this survey, which also included questions on socio-economic characteristics, cropping patterns, irrigation practices and perceptions on wastewater reuse. The respondents were randomly selected and the language of communication was English. The sample size was linked to the experimental design. In JMP 11.2.0, a minimum sample size of 45 respondents necessary to generate an efficient design -with a D-efficiency of a desired level -was set. With this sample size 184 observations were generated for the choice modelling exercise. Seventeen (17) Birol et al., 2006a; Sagebiel, 2011) . Compared to a random parameters logit (RPL) model, which also incorporates heterogeneity in the analysis, a LC model is superior for welfare measures and interpretation (Birol et al., 2006a) . Sagebiel (2011) compared RPL and LC, and found that the LC has a slight statistical advantage over the RLP. He suggested that LC should be chosen when different groups within the sample are expected, which show within-class homogeneity (Sagebiel, 2011) .
In the LC model, heterogeneity in preferences is included through the observable component. Assuming the existence of s segments in a population and that individual i belongs to segment s (s = 1,…, S), the utility function can be expressed as follows (Greene and Hensher, 2003) :
The probability of choice for an individual i, considering that the individual belongs to segment s, of selecting an alternative j in the t th choice set of n alternatives, for a particular choice activity is given by:
Then, the probability that an individual belongs to a particular segment is given in Eq. 7, where Z i is a vector of individual-specific variables and a s is a vector of segment-specific parameters to be estimated:
The probability that any randomly selected respondent chooses an alternative is obtained combining the conditional probability (Eq. 6) with the segment membership probability (Eq. 7) as follows:
The parameters for the LC model were estimated by applying the maximum likelihood estimation procedure in the software NLOGIT 5.0. Given the sample size, the model was run for 2 segments only. The goodness-of-fit of the model was measured by the likelihood ratio index (LRI). Well-fitted models take LRI values larger than 0.2 (Hoyos, 2010); in our model the LRI is 0.26 (see Table 2A in Appendix A).
For the segment membership function, different combinations of variables were tested. This was a trial-and-error procedure until robust results were found. The combination of variables that generated results included: the perception of health threats from irrigation with treated effluent, the perception of environmental threats, and the current use of treated effluent (see Table 2 ).
WTP estimation
In choice modelling, it is possible to estimate WTP by including price as an attribute of the good (Hanley et al., 2001 ). The marginal utility estimates (coefficients) can be transformed into estimates for changes in attribute levels. By combining different attribute changes, welfare measures can be obtained (Hoyos, 2010) . WTP for changes in attribute levels or the marginal rate of substitution (MRS) is done by taking the ratio between the coefficients of individual attributes and the price attribute (Speelman and Veettil, 2013) :
β k is the attribute's coefficient and −β m is the price attribute coefficient. WTP values for attribute changes and 95% confidence intervals were estimated through the use of the Wald Procedure (Delta Method) in the software NLOGIT 5.0.
RESULTS AND DISCUSSION

Socio-economic and farm characteristics
Most farmers are white males and 79.5% are full-time farmers. Their level of education is high: 75% have a tertiary degree (either university or postgraduate), and their average monthly household income is estimated at about ZAR 38 397 (median = ZAR 30 000). Farms are also relatively large in terms of cultivated area: for instance, the average size of land cultivated with grapes is 78.1 ha (max. 500 ha; min. 10 ha); with fruit trees is 15.7 ha (max. 30 ha; min. 4 ha); and with grains is 330.9 ha (max. 1600 ha; min. 30 ha). Given the high level of education, it was expected that farmers are aware of the issues of water scarcity and water pollution, and how this can affect agricultural production. About a third of the respondents grew only wine grapes, while 46.7% grew wine grapes in combination with other crops, e.g., olive trees, fruit trees or grains, while some 20% grew a combination of crops that did not include grapes. The dominance of wine grapes in the area dates back to the 17 th Century (Ponte and Ewert, 2009), so that when respondents were asked if they would shift to other crops if more water was available, only 32.6% answered 'yes'.
Most farmers stored rainfall runoff to supply their water for irrigation; some 37% currently use treated effluent as a source for irrigation. Some had access to water from the Theewaterskloof dam, and a few to water from boreholes. When respondents were asked if they had experienced water scarcity in the past 5 years, 41.3% responded affirmatively, ostensibly because the cropping pattern is clearly adapted to the current availability of water. Similarly, the technology used for irrigation is efficient, which decreases the amount of water wasted. Finally, the rainfall pattern varies across the peninsula and its hinterland, so there might be some areas which in effect do not experience severe water shortages, while others are naturally drier. Overall, those that access water from Theewaterskloof were satisfied. Water conflicts were not reported as a major issue in the area, with only 10.9% of respondents indicating that they had experienced water-related conflicts in the past 5 years.
In Appendix A, Table 3A shows the demographic characteristics of the farmers.
Farmers' perceptions on the use of treated wastewater
More than half of the respondents indicated that they would use treated effluent for irrigation in the future, but only 15% were willing to give up their current entitlements in exchange Table 3A in Appendix A). This was not unexpected, considering that securing water is one of the determinants of success in agricultural production.
In Table 1 , the farmers' perceptions about the use of treated wastewater are presented for the whole sample and for the segments generated by the LC. The results indicate that respondents disagreed that irrigation with treated effluent is a threat to the health of farmers or workers; to the health of the consumers (this result is significantly different between the segments); or to the environment. Similar results were reported by Adewumi et al. (2010) , who found that the perception of risks associated with water reuse was low among respondents in a survey conducted in the City of Cape Town. Jovanovic (2008) found that -despite some concerns about poor quality water and its effects on soils, crop yields, human health and the environment, farmers in the Bottelary catchment in the Western Cape were willing to use treated effluent for irrigation. This positive perception is important considering that acceptance has been identified as the main obstacle to the implementation of water reuse projects (Po et al., 2003) . In this case, it might be associated with high awareness of water scarcity. Adewumi et al. (2010) indicated that conserving drinking water and mitigating the effects of water shortages are the main drivers of water reuse in the City of Cape Town. Jovanovic (2008) suggested that, compared to other water sources, treated effluent has a relative cost advantage.
On average, respondents were indifferent towards the statement that irrigation with treated effluent can damage the soils or can pollute groundwater. In the former statement, however, there is a significant difference between the segments. One reason why respondents in Segment 2 tend to disagree might be linked to the fact that more farmers in this segment currently use treated effluent compared to Segment 1; therefore, they advocated for this practice and they did not want to reveal possible negative effects on the soil. However, it has been demonstrated that extended use of treated effluent can increase electrical conductivity and sodium content in soils (Castro et al., 2011) . Additionally, it can have consequences for groundwater, resulting in potential contamination with faecal coliforms and parasite ova (El Lateef et al., 2006) . More information on this aspect is required for the area.
A similar answer was obtained when farmers were asked about the prospects for reducing quantities of nutrients to be applied to the soil. Although there are potential benefits from nutrients contained in wastewater (Durán-Álvarez and Jiménez-Cisneros, 2014), respondents on average did not seem The t-tests and Pearson chi-square tests show significant differences at (*) 10%, (**) 5% and (***) 1% level. to perceive this as entirely beneficial. On the other hand, the average respondent agreed that irrigation with treated effluent should be encouraged and that it is an alternative water source.
Furthermore, respondents did not seem to have a clear position on regulations for reuse of treated effluent in agriculture. However, they considered that water quality standards were sufficient to protect public health and the environment, and not too stringent to comply with, even though national guidelines do not really exist (these results might not be significant due to the small difference in answers between the segments and in some cases due to the sample size). The 'South African guide for the permissible utilisation and disposal of treated effluent' (DNHPD, 1978 cited by Adewumi et al., 2010 promotes the concept of 'no potential risk' to public health when using wastewater. Adewumi et al. (2010) argued that under this guideline expensive technology and processes are required, rendering the water unaffordable for developing communities.
Respondents' perception concerning institutional support for implementing reuse of treated effluent was again indistinct, probably because of a lack of communication between institutions and water users (UBC EnvCom, undated). Furthermore, the costs of water conveyance were not seen as an impediment to the use of treated effluent in agricultural irrigation. This is contrary to what Adewumi et al. (2010) found for water reuse in Cape Town. They found that as distance from the treated wastewater source increased, fewer respondents were willing to use treated effluent because the capital cost of laying pipelines was considered to be significant. The opinion of farmers on this matter is important, given that funding remains an obstacle to wider use of treated wastewater (Bixio et al., 2006) . In most countries, reuse schemes are still largely subsidised (Hochstrat et al., 2007) as distortions still exist in water supply markets (Bixio et al., 2006) . Adewumi et al. (2010) did, however, find that if the tariff for treated effluent was lower than for drinking water, more respondents indicated willingness to reuse wastewater in Cape Town.
Preferences for frameworks of water reuse
The data were first analysed by means of a CL model. However, since possible variations in preferences that could result from heterogeneity amongst respondents were of interest, the data were also analysed by means of a LC model. Since this model proved to be superior (i.e., LRI = 0.26), only these results are discussed in more detail.
The segments in the model were balanced. Segment 1 held 54.4% of the respondents, whereas Segment 2 held 45.6%. The 'current use of treated effluent' was what differentiated the two segments most: 80% of respondents in Segment 2 currently already use treated effluent versus 3.85% in Segment 1. This difference was significant at the 1% level (see Table 4A in Appendix A), but as 'segmenting variable' in the LC model this variable was not statistically significant (see Table 2 ). Respondents who are currently using treated effluent were Published under a Creative Commons Attribution Licence motivated mainly by water scarcity and access to a municipal WWTP. Other socio-economic (e.g., age, income, educational level) or perceptions variables (e.g., irrigation with treated effluent is a threat to the health of farmers and workers; or irrigation with treated effluent is a threat to the environment) were not statistically significant. Respondents in both segments presented similar socio-economic characteristics (see Table 4A in Appendix A). However, more respondents in Segment 1 grew only grapes (about 15 percentage points more) while more respondents grew a combination of grapes and other crops (about 24 percentage points more) in Segment 2. For other crops the difference between segments is about 9 percentage points. In Segment 2, respondents were more inclined to shift to other crops if water was accessible (about 22 percentage points more).
In terms of the 'water quantity-quality' attribute, respondents in Segment 1 preferred the alternative with limited water quantity, strict quality standards and reduced nutrient content over the reference level with unlimited water quantity, quality standards less strict than the general standards and high nutrient content. The latter was selected as the reference level because it described a less stringent scenario in terms of water quantity and quality. In contrast, other levels became more stringent. This preference was not found in Segment 2. Familiarity with the practice of reuse of treated effluent suggests that farmers in Segment 2 were less inclined to choose strict quality standards. 'High practice restrictions', which implies strict restriction on crops to be cultivated, strict control over irrigation methods and strict monitoring, was not favoured by the respondents in either of the segments.
Respondents in Segment 2 preferred a 'private scheme model' compared to a 'public scheme'; this result is significant. In contrast, for Segment 1 this coefficient is not statistically significant. In this regard, while there is on-going debate about the public versus private management of water and sanitation provision (e.g., Budds and McGranahan, 2003; Smith, 2004) , the public sector still seems to struggle to deliver optimal services in developing countries because of lack of accountability, corruption, poor financial capacity, and inability to expand and upgrade water services in a reliable and cost-effective way (McDonald and Ruiters, 2005) . South Africa has not escaped these effects, as attested by widespread public protests against the quality of public service delivery (Mpehle, 2012) . Furthermore, Mpehle (2012: 213) argued that service delivery in South Africa has been negatively affected by aspects such the 'deployment of unskilled, unqualified and inexperienced cadres to municipal management positions, the accumulation of wealth by a few individuals through the abuse of the tendering system, inadequate revenue due to centralisation of funding, and absence of proper systems of collecting revenue by municipalities'.
Finally, both segments expressed a negative preference for an increase in the price attribute. These results are expected under the assumption that a price increase reduces preferences for alternatives. Notwithstanding, a higher price is less preferred in Segment 1, ostensibly because respondents in Segment 2 currently use treated effluent for which they already pay.
WTP for changes
Mean WTP for a change from 'high-practice-restrictions' to 'low-practice-restrictions' is estimated at ZAR 3.07 and ZAR 2.76 per m 3 for Segment 1 and Segment 2, respectively. Both values are statically significant. Furthermore, for Segment 2, the mean WTP for a 'private scheme model' is estimated at ZAR 2.37 per m 3 (this estimate is not statistically significant for Segment 1). Only significant results are reported in Table 2 .
Interestingly, farmers value fewer restrictions on the selection of crops, application of irrigation methods and monitoring of water use if they are to irrigate with treated effluent. This can be understood from two perspectives. First, it is assumed that wastewater has undergone treatment, which produces treated effluent of acceptable quality and therefore can be applied to crops. Similarly, for the type of irrigation method applied, there is no real problem as farmers generally use drip irrigation. Second, since agriculture is export oriented, they are already subjected to wide-ranging food quality and safety regulations.
Another significant finding is that the type of management model seems to matter. In this case, a private scheme is valued in Segment 2. This is aligned with expectations, as some farmers expressed their mistrust in public institutions, and with the assumption that users may prefer a private scheme based on the reliability of the service. A previous study on WTP for multiple-use water services suggested that in rural South Africa there is room for the adoption of cost-recovery mechanisms, provided that the water services proposed respond to the needs of users (Kanyoka et al., 2008) . The WTP for a private scheme for water reuse suggests that users are prepared to contribute to cost recovery. Nevertheless, more research is needed on this aspect.
CONCLUSIONS
This article contributes to the literature in two respects. First, important elements that have to be considered in frameworks for water reuse in agriculture were identified. Second, farmers' preferences for these frameworks were explored through choice modelling. To the best of our knowledge, this kind of study has not been done before; therefore this is a contribution to the literature on economic valuation of the use of wastewater for irrigation.
Generally, farmers in the rural hinterland of Cape Town have a positive perception of water reuse for irrigation, largely because they are aware of the problem of water scarcity. This is important since public perceptions and acceptance of water reuse are recognised as the main components of success for any reuse project. Furthermore, one of the segments showed that strict water quality standards are preferred despite the concomitant limitations on water quantity. It implies that farmers will irrigate crops with treated effluent if 'good-quality water' is guaranteed. Although, on average, the respondents disagreed that irrigation with treated effluent was a threat to the health of farmers and workers, or to the health of consumers, guaranteeing water quality was their main concern, apparently because agriculture in the area is export-oriented.
Another interesting finding was that farmers who already made use of treated wastewater preferred a privately managed scheme over a public scheme. This is in line with the utilitarian standpoint, which suggests that water users are expected to value private services based on the reliability of the water service (see Vásquez, 2011) . Trust in the authorities to provide safely-treated effluent has already been identified as a fundamental issue in determining public acceptance of water reuse (Po et al., 2003) . A study in Australia indicated that trust in the service provision agency was the main reason why people were willing to use wastewater (Kaercher et al., 2003) . In the Western Cape, farmers are willing to pay for a privately-managed scheme, probably because of a lack of trust in the service provision agency. This is in line with the findings of Adewumi et al. (2010) , who reported that poor trust in the service provider for treated effluent was probably influenced by the poor quality of treated effluent supplied over time. This suggests that the type of scheme for reuse of water is important.
Finally, when using treated effluent, there are implications for public health, which is one reason why people were discouraged from choosing this option. However, in this study, the WTP for a change from 'high-practice-restrictions' to 'lowpractice-restrictions' may reflect farmers' dislike of strict regulations for agricultural practices. This may negatively influence users' willingness to opt for this option. Although regulations and guidelines should protect public health and allow for safe reuse of water, they should, at the same time, take into account the local cultural and socioeconomic conditions (Mizyed, 2013) . We agree with Mizyed (2013) on the need for regular reviews of the implementation, applicability and acceptance of quality standards for water reuse, taking into consideration the dynamics of a changing society. 11.54 10.00 Willing to exchange water entitlements for treated effluent (% yes) (f) 16.00
13.33 Would use treated effluent in the future (% yes) --Note: For frequencies only valid percent is reported. The t-tests and Pearson chi-square tests show significant differences at (*) 10%; (**) 5% and (***) 1% level.
(a) For segment 1 the n° of respondents is n = 23; for segment 2 is n = 17 (b) For segment 1 the n° of respondents is n = 20; for segment 2 is n = 15 (c) For segment 2 the n° of respondents is n = 19 (d) For segment 2 the n° of respondents is n = 18 (e) For segment 1 the n° of respondents is n = 25 (f) For segment 1 the n° of respondents is n = 25; for segment 2 is n = 15.
APPENDIX B
Example of a choice set:
